A total of 163 verotoxin-producing Escherichia coli (VTEC) strains isolated from diarrheic and healthy cattle, sheep, and goats were analyzed for the presence of the saa gene by polymerase chain reaction. Seventeen (45.9%) and 5 (29.4%) of the VTEC isolated from healthy cattle and diarrheic calves, respectively, had the saa gene. None of the saa-positive strains carried the eae gene, but 20 of the 22 saa positive were ehxA positive. In contrast with cattle VTEC, none of the VTEC isolated from small ruminants were saa positive. These results show that the saa gene is commonly associated with bovine eae-negative VTEC strains but not with ovine or caprine VTEC strains.
Verotoxin-producing Escherichia coli (VTEC), also referred to as Shiga toxin-producing E. coli (STEC), may cause severe diseases in humans, such as hemorrhagic colitis (HC) and hemolytic uremic syndrome (HUS). 4, 7 The VTEC strains capable of inducing HC and HUS are called enterohemorrhagic E. coli (EHEC). 8 Ruminants represent an important reservoir of VTEC and a source of infections for humans. [10] [11] [12] It is not known whether all variants of VTEC are equally pathogenic for humans, and it is possible that verotoxin (VT) production alone may not be sufficient for VTEC to cause disease. 2 A factor that may affect virulence of VTEC is the possession of the eae gene that is necessary to cause attaching and effacing lesions in the intestinal mucosa. 2, 6 Besides the eae gene, a novel autoagglutinating adhesin called STEC autoagglutinating adhesin (Saa), encoded by the saa gene and associated with the ehxA gene might contribute to the virulence of eae-negative VTEC for humans. 13, 14 However, some researchers have failed to find a significant association between the saa gene and VTEC isolated from patients with HUS or diarrhea and from healthy controls. 5 Thus, the role of the saa gene as a virulence factor for eae-negative VTEC in humans is questionable.
Little is known about the saa gene in VTEC from ruminants. Only 1 group 5 has studied the presence of this gene in VTEC from healthy cattle, and to the authors' knowledge, the detection of the saa gene in VTEC from diarrheic calves and small ruminants has not been studied. In this work, the distribution of the saa gene in a large collection of VTEC strains isolated from diarrheic and healthy cattle, sheep, and goats in Spain was examined to determine whether this gene may be associated with ruminant VTEC.
A total of 163 VTEC strains isolated from diarrheic calves, lambs, and goat kids (17, 4, and 1, respectively) and from healthy cattle, sheep, and goats (37, 63, and 41, respectively) were used in this study. Isolates were obtained from fecal samples and identified as E. coli using biochemical tests, (hydrogen sulfide, citrate, urease, and indole). The E. coli strains were screened for the ability to produce VT by cytotoxicity assays. The type of VT (VT1 or VT2) produced was determined by polymerase chain reaction (PCR). 3, 9 Only 1 strain per animal was included in the study. The lambs, goat kids, and diarrheic calves included in this study were up to 1 month of age, whereas the healthy calves were up to 3 months old. Nineteen and 96 of the strains studied possessed the eae and ehxA genes, respectively. Detection of the eae and ehxA genes was performed by hybridization and PCR, respectively. 12, 15 All these strains have been described previously. [10] [11] [12] The strains were tested for the presence of the saa gene by PCR with primers 5Ј-CGTGATGAA-CAGGCTATTGC-3Ј and 5Ј-ATGGACA-TGCCTGTGGCAAC-3Ј, which amplify a 119-bp portion of the saa gene. 13 The E. coli strains FV900a (bovine, O91:H21, saa, vt2, ehxA) and FV915 (bovine, O113:H21, saa, vt2, ehxA) were used as positive controls.
Seventeen (45.9%) and 5 (29.4%) of the VTECs isolated from healthy cattle and diarrheic calves, respectively, had the saa gene (Tables 1, 2). None of the saa-positive strains carried the eae gene. The percentages of the eae-negative VTEC that were saa positive from healthy cattle and diarrheic calves were 56.7% and 55.5%, respectively. Twenty of the 22 saa-positive VTEC strains from cattle were ehxA positive. The exceptions (saa positive and ehxA negative) were 2 strains isolated from diarrheic calves, one belonging to serogroup O39 and the other not typeable. In contrast 
Ϫ ϩ ϩ * Orden et al. 10 † VT-positive strain by tissue culture assays but negative for the vt1 and vt2 genes.
‡ Not typeable strains. with cattle VTEC, none of the VTEC isolated from small ruminants was saa positive. In this study, the percentage of saa-positive VTEC detected from healthy cattle (45.9%) was lower than that found by other workers 5 in healthy cattle (57.1%) but higher than that found in this work in diarrheic calves (29.4%). However, if only the eae-negative VTEC strains are considered, the percentages of saapositive strains found in the study of Jenkins et al. 5 in healthy cattle (59.3%) and in this study in healthy cattle (56.7%) and diarrheic calves (55.5%) are very similar. The saa gene was not found in eae-positive VTEC strains in this study or in previous studies 5, 13, 14 ; thus, the differences found in the percentages of saa-positive VTEC are due to the number of the eae-positive and eae-negative strains included in the VTEC strains studied. These results show that the saa gene is commonly associated with bovine eae-negative VTEC strains and that, as suggested by others, 5 Saa may have a role in attachment to the bovine gut. Moreover, the data suggest that the saa gene seems not to be associated with diarrhea in calves. Almost all saa-positive VTEC strains from cattle in this study were ehxA positive (90.9%). This result is consistent with previous results 5, 13 and shows that the saa gene is strongly associated with the ehxA gene (which encodes a hemolysin called EHEC enterohemolysin) 1, 15 in human and bovine VTEC.
None of the 109 VTEC strains isolated from sheep and goats was saa positive. The VTEC strains isolated from healthy sheep and goats belonged to 18 and 19 different serotypes, respectively, whereas VTEC strains isolated from diarrheic lambs and goat kids belonged to 5 serotypes. 11 Of particular interest is the fact that 64 of the small ruminant VTEC strains studied were ehxA positive (of which only 4 were eae positive). 11 Thus, in contrast to VTEC from human and cattle, the ehxA and saa genes seem not to be associated with VTEC from sheep and goats.
In conclusion, the saa gene is commonly associated with bovine eae-negative VTEC strains, but not with ovine or caprine VTEC strains. Further studies are necessary to determine whether the saa gene may be a marker for human virulent eae-negative VTEC strains as well as the role of this gene in attachment to the bovine gut mucosa.
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